The study of wave propagation through elastic solid media can be used to carry out non-destructive tests (NDT) of structures. These tests can be used to detect and identify, in many cases, both the actual elastic properties and possible geometric imperfections included in the material damage of a structure [SaGa04]. One important application of high-frequency waves is the characterization of composite materials.
Introduction
The study of wave propagation through elastic solid media can be used to carry out non-destructive tests (NDT) of structures. These tests can be used to detect and identify, in many cases, both the actual elastic properties and possible geometric imperfections included in the material damage of a structure [SaGa04] . One important application of high-frequency waves is the characterization of composite materials.
A composite material consists of several thin layers or laminae, and the resultant solid acts as a full plate. The layers can be of different materials, but normally the same material is used across the plate. Within the framework mechanical properties of a composite material. There is an extensive literature on this topic (see [Jo75] , [TsPa68] , [Wh87], and [ViSi89] ). The subject of composite materials optimal design is also of great interest and has been treated in [GuHa99] .
In this chapter, the general theory of high-frequency wave propagation in layered media will be summarized and the dispersion equation will be obtained. The dispersion equation is presented as a result of a generalized nonlinear eigenvalue-eigenvector problem.
The chapter is organized as follows. In Section 5.2, the simple case N = 1, i.e., the well-known Lamb wave propagation is summarized. The dispersion curves obtained there are used to validate some results of the multi-layered general theory described in Section 5.3. Finally, in Sections 5.4 and 5.5, some computational procedures and examples are presented.
Lamb Guided Waves
An excellent summary of the general theory of Lamb wave propagation is given in [LaLi59] . A more detailed description is presented in the recent texts [RoDi00] and [Ro04] . Here only final results are shown.
Lamb waves correspond to a propagation of elastic waves throughout a homogenous and isotropic elastic infinite plate bounded by two parallel planes separated by a small distance 2h. In this case, very often wave reflections along the faces of the plate occur, and therefore the propagation of the waves modifies its direction. The adopted system of coordinate axes is such that the equations of the plate free faces are x 2 = ±h and axes x 1 , x 3 are contained in the plate middle plane.
According to the general theory of wave propagation, the displacement vector u of a material point can be derived from a potential scalar φ and a vector potential ψ as follows: u = ∇φ + ∇ × ψ. In this expression, the two potentials fulfill the two wave equations.
It is assumed that Lamb waves travel along the x 1 axis, and diffraction in the x 3 direction is ignored. In the case of an isotropic and homogenous elastic solid, the scalar and vector potentials are trigonometric functions of time t with the same circular frequency ω. Then, they can be expressed in the following way, with k the wave number: If the relation (5.2) is satisfied, then the potential functions can be found but they are multiplied by an arbitrary constant factor. Once the functions φ(x 1 , x 2 , t) and ψ(x 1 , x 2 , t) are found, the displacements at time t of any material point (x 1 , x 2 ) of the plate can be obtained up to a constant factor.
The equation (5.2) can be represented in the plane (ω, k) and then it defines a curve known as dispersion curve. On this curve three regions can be distinguished, according to the value of the phase velocity V = ω k . This value can be greater than the longitudinal wave velocity v L (region 1), or it can lie between the velocity v L and the transverse velocity velocity v T (region 2),
